Background and aims: Microvascular lesions in the brain play an important role in the development of cognitive decline. 1 While recent animal models of small strokes have investigated the changes in blood flow that result from the occlusion of cortical arterioles and capillaries, the redistribution of blood flow following a venule occlusion remains poorly understood. This is largely due to the lack of an Figure CBF after CA resuscitated with NS, Albumin or PNA. Brain poster session: experimental cerebral ischemia-blood flow and metabolism S395
Background: Pediatric cardiac arrest (CA) is caused by asphyxia in most cases and results in dismal neurological outcome. Reactive oxygen species play a role in cerebral blood flow (CBF) disturbances and neurological outcome after CA. We reported that CBF after asphyxial CA in 17 day old rats (PND 17) is characterized by early hyperemia at 5 mins followed by resolution of normal CBF in all brain regions except cortex, where early hypoperfusion is seen. Objectives: Determine the effects of albumin and colloid antioxidant polynitroxyl albumin (PNA) administered at resuscitation from asphyxial CA in PND 17 rats on CBF and neurological outcome. Design/methods: Asphyxial CA was induced in PND 17 rats for 9 mins. The rats were resuscitated with chest compressions, epinephrine and randomized to receive albumin, PNA or normal saline (NS), 20 cc/kg i.v. (n = 10/group). Sham operated rats also received albumin, PNA or NS (n = 12). CBF was measured serially at 5, 10, 15, 30, 60, 90, 120 and 150 mins after resuscitation in five anatomic regions by arterial spin label MRI in 36 rats. Functional outcome was assessed on d 1 to 5: motor evaluation by beam balance and inclined plane test, and d 7 to 14: spatial memory acquisition assessed by Morris Water Maze (MWM). MWM consists of training period with a visible platform (d 7 to 9), testing with hidden platform (d 10 to 13) and probe trial (d 14) . Data were analyzed using repeated measure ANOVA. Neuronal survival in hippocampus, brain weight, cortical thickness, and cortical surface area 5 weeks post CA were compared using ANOVA. Results: PNA given at resuscitation prevented the early hyperemia seen at 5 mins after NS (P < 0.05). In contrast, albumin treated rats had global intense and prolonged hyperemia: 200% increase from baseline in thalamus and sustained to 60 mins after resuscitation. In the delayed period after resuscitation, CBF was comparable among treatment groups (Figure) .
PNA treated rats performed better in the MWM on d 10 versus NS (P < 0.05). In the probe trial, rats treated with PNA or albumin performed better versus NS treated or shams (P < 0.05). There appeared to be a greater benefit in males treated with PNA and albumin versus females. Histological parameters tested were similar in the treatment groups. Hippocampal neuronal counts were 4000(±1330) in the CA groups versus 7519( ± 1100) in shams, without difference among treatment groups. Conclusion: A combination of colloid and antioxidant therapy produces changes of CBF and improves functional outcome after asphyxial CA in immature rats. Males demonstrate a greater response to PNA versus females, suggesting that males would benefit more from antioxidants. Given that PNA and albumin cause divergent CBF changes in the early postresuscitation period, the improved functional outcome appears to be independent of early postresuscitation CBF.
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appropriate animal model. To study the consequences of single venule occlusions on cortical blood flow we use nonlinear optical techniques to induce clot formation in targeted venules and to study blood flow changes in upstream capillary beds. Methods: Through a craniotomy in urethane-anesthetized rats, vascular topology ( Figure 1A ) and blood flow is measured using two-photon excited fluorescence microscopy of intravenously injected fluorescein-dextran. Blood flow velocity is determined by tracking the motion of unlabeled red blood cells. Occlusions are induced by tightly focusing high intensity, femtosecond laser pulses into a targeted venule. Nonlinear absorption of the laser energy in the focal volume injures the vessel wall, initiating the natural clotting cascade ( Figure 1B ). 2 Results: Measurements of blood flow in brain capillaries were taken before and after the occlusion of an ascending venule, i.e. a venule that brings flow from the cortical capillary beds to a vein on the brain surface ( Figure 1C ). For capillaries one and two branches upstream from the clotted venule, flow decreased to 20% ± 3% (average ± s.e.m.; 16 clots across 16 rats; P < 0.001, one-way t-test) of baseline value, while for vessels three and four branches upstream, speed decreased to 51% ± 7% (P < 0.001) of baseline. Additionly, we observed reversed blood flow in 55% of the capillaries one or two branches upstream from the occlusion (red arrows, Figure 1C ). Conclusions: This reduction in blood flow speed suggests that occlusion of a single venule perturbs microvascular flow in upstream capillaries over a relatively large vascular territory. Such previously unrecognized reduction in flow can deprive nearby neurons of the nutrients required for normal function leading to cell injury and death, and may potentially play a role in the brain lesions responsible for cognitive decline.
for vascular occlusions. 2 In the brain, such impaired blood flow could lead to neurological damage. Here, we develop methods to study time-dependent blood flow throughout the cortical microcirculation in rodents with normal and high hematocrit.
Methods: We use in vivo two-photon excited fluorescence microscopy to image vascular topology and blood flow. A craniotomy is prepared over parietal cortex in an anesthetized mouse and covered with a glass window. Fluorescein-dextran is intravenously injected to label the blood plasma ( Figure 1A ). Blood flow velocity in arterioles, capillaries, and venules throughout the network is determined by tracking the motion of red blood cells within individual vessels. 3 An electrocardiogram is acquired simultaneously to determine the flow speed across the cardiac cycle ( Figure 1B ). Erythropoietin (EPO, 10 IU) is subcutaneously administered for five consecutive days to increase hematocrit from 44% to 52%. Results: The change in flow speed across a cardiac cycle is apparent in arterioles on the brain surface, in capillaries deep within cortex, and even in surface venules, with decreasing modulation, respectively ( Figure 1B ). In the EPO-injected animals, average capillary flow speed is reduced by 32% as compared to controls (P < 0.01; EPO-injected: 127 vessels, 13 animals; Control: 111 vessels, 6 animals). In addition, the fraction of stalled capillaries in the top 350mm of the cortex increased from 3% to 19% in high hematocrit animals (P < 0.01; EPO-injected: 357 vessels, 4 animals; Control: 405 vessels, 5 animals). The modulation of flow speed in arterioles due to a heart beat is decreased by 69% in mice with high hematocrit (P < 0.0001. EPO-injected: 22 vessels, 4 animals. Control: 32 vessels, 8 animals).
Conclusions:
We have measured time-dependent cerebral blood flow in individual microvessels throughout the vascular hierarchy in normal and high hematocrit mice. Elevated hematocrit decreases blood flow and increases the fraction of stalled capillaries. These changes in cerebral microcirculation could lead to increased risk of stroke and neurodegeneration in disorders where hematocrit and blood viscosity is heightened. 166. Oxygen inhalation does not markedly affect cerebral blood flow during focal ischaemia: potential use as a penumbral imaging biomarker In the UK stroke is the third leading cause of death and most common cause of severe disability. Identification of the ischaemic penumbra (potentially salvageable tissue) is a critical goal for stroke researchers. We have recently developed a novel MRI technique using inspired oxygen (100%) as a metabolic biomarker to characterise the penumbra. 1 In order to determine the clinical utility of using 100% oxygen as an imaging biosensor, we investigated the effects of 100% oxygen inhalation on cerebral blood flow (CBF) and brain tissue oxygenation (pO 2 ) during stroke. Male Sprague Dawley rats (290 to 350 g) were anaesthetised with 2% isoflurane, surgically tracheotomised, artificially ventilated (Air) and the middle cerebral artery permanently occluded (MCAO) by the intraluminal filament technique. Blood pressure was continuously monitored and blood gas analyses performed to ensure physiological stability. Oxyflo/oxylite probes were placed stereotaxically into the ipsilateral (penumbral region of MCA territory) and contralateral cortex to record relative CBF and tissue pO 2 . The following paradigm was used (90 mins post MCAO) to investigate the effect of hyperoxia: 5 mins air, 5 mins 100% oxygen and 15 mins air inhalation. Brain histology was carried out 2 h after stroke to check probe placement in relation to ischaemic damage.Hyperoxia induced an increase in mean arterial blood pressure (MAP) of 13.7% ± 3.34% and 12.42% ± 4.81% for sham (n = 6, P < 0.0001, paired t-test) and MCAO (n = 6, P < 0.005, paired t-test) rats, respectively. During hyperoxia there was a small, transient increase in CBF in sham operated rats (ipsilateral; 4.94%±3.47%, P = 0.69, contralateral; 5.59%± 2.46%, P = 0.58, Mann Whitney test) and in rats that underwent MCAO (ipsilateral; 8.7% ± 4.02%, P = 0.39 contralateral cortex; 6.67%±4.61%, P = 0.30, Mann Whitney test). This increase in CBF appeared to be a regulatory response to increased MAP during hyperoxia and was not statistically significant. In shamoperated animals concomitant recording of brain pO 2 showed that during hyperoxia, pO 2 increases during hyperoxia in the MCAO group were not statistically significant due to increased variability within this group. Thus, our data show that during hyperoxia MAP increases and there is a small increase in CBF along with a robust increase in brain tissue oxygenation. The data provide new insight into the effect of hyperoxia on local brain parameters and its potential clinical use as an imaging biomarker to identifying the penumbra in stroke patients. Grant support: Translational Medicine Research Collaboration with Wyeth Research. 318. PFC improves brain oxygenation in a rat model of focal cerebral ischemia Objective: With tissue hypoxia playing a central role in the regulation of cell death following stroke, supplementary oxygen has been postulated as a potential therapy to improve patient outcome. 1 Perfluorocarbons (PFCs) are biologically inert compounds able to dissolve large amounts of gases including oxygen. We aimed to investigate whether hyperoxia and PFC could provide local conditions necessary for prolonged cell survival following stroke.
Methods: Male Sprague Dawley rats (n = 10) were ventilated with air and 2% isoflurane. Focal cerebral ischemia was generated in a model of permanent middle cerebral artery occlusion (MCAO) by the intraluminal filament technique. Mean arterial blood pressure (MABP) was continuously measured and blood gases analysed to ensure physiological stability. Rats were placed in a stereotaxic frame and combined oxygen sensing and laser Doppler flow probes (OxyLite/OxyFlow, Oxford Optronix, UK) were inserted into both the ipsilateral (penumbral region of MCA territory) and contralateral cortex to measure brain tissue oxygenation (pO 2 ) and relative cerebral blood flow (CBF). Non-stroked rats were used as controls. Following a period of stabilization (air) the effect of hyperoxia (60% O 2 ) was investigated B2 h post MCAO. On stabilization of the response to 60% O 2 (B5 mins), 1.5 mL PFC was administered intravenously (0.25 mL/min) with animal breathing 60% O 2 .
Results: Basal brain pO 2 was lower in the ipsilateral cortex when compared to contralateral following MCAO (14.0±4.3 mm Hg versus 41.7±10.9 mm Hg, P < 0.05). In MCAO rats, hyperoxia alone resulted in significant increases from basal values in brain pO 2 in both the ipsilateral (97%±20.4%, P < 0.01) and contralateral cortex (45.3 ± 2.2%, P < 0.05). This effect was also evident in the corresponding cortex in control rats (increased by 93.3%±16.6% and 73.7% ± 11.6%, both P < 0.01). In contrast hyperoxia had no significant effect on CBF in either MCAO or control rats with hyperoxia while there were small transient increases in MABP (4.7% ± 2.9% in MCAO, ns; 8.6% ± 2.4% in control, P < 0.05). Figure 1 shows that PFC further increased brain pO 2 and to a greater extent in the ipsilateral cortex when compared to the contralateral in MCAO rats (68.4%±14.4% versus 26.6%±7.2%, P < 0.05). These effects were significantly greater when compared to the response in control rats where brain pO 2 was increased by 9.1% ± 5.6% and 9.0% ± 1.2% in the corresponding cerebral cortex. A small transient increase in CBF was evident during the first minute of PFC administration (Figure 1 ). During PFC administration there was also a transient increase in MABP in MCAO (18.8% ± 5.8%) and control (11.9% ± 1.2%) rats. Conclusions: Our study further substantiates the potential of normobaric hyperoxia to provide conditions favourable for cell survival following stroke and suggests that PFC's may deliver additional oxygen to the ischemic penumbra thereby potentially prolonging the lifespan of this salvageable region of tissue following stroke. Objectives: Mild induced hypertension (iHTN) improves cerebral blood flow (CBF) and decreases infarct size in isolated distal middle cerebral artery occlusion (dMCAO) in mice. The contributions of anterior (AComm) and posterior communicating (PComm) arteries, pial/dural anastomoses, and external (ECA) to internal carotid (ICA) collaterals to CBF improvement during iHTN are not known. We tested whether ECA collaterals augment CBF during iHTN in a model of dMCAO plus internal (ICAO) or common (CCAO) carotid occlusion in mice. Methods: High spatiotemporal resolution laser speckle flowmetry was used to image CBF changes in 3 groups of mice (C57BL/6J): dMCAO alone (transtemporal clipping), dMCAO + ICAO, or dMCAO + CCAO. Each group was further divided into iHTN (phenylephrine to raise BP by 30%, starting 10 mins after dMCAO) and saline (n = 9 each). ICAO or CCAO was induced 10 mins before dMCAO, and imaging was continued for 90 mins. Indirect infarct volumes were measured 48 h after ischemia using TTCstained 1 mm-thick coronal sections. Results: Unilateral ICAO or CCAO significantly reduced CBF in both middle (MCA) and posterior cerebral artery (PCA) territories; anterior cerebral artery (ACA) territory flow was relatively preserved, consistent with a single confluent ACA in rodents. dMCAO led to larger CBF deficits in the presence of ICAO and CCAO compared to dMCAO alone. iHTN significantly decreased the area of severely ischemic cortex (r20% residual CBF) during dMCAO (À46%). The efficacy of iHTN was diminished in the dMCAO + ICAO group (À34%), and abolished in the dMCAO + CCAO group (À14%), underscoring the importance of ECA collaterals. Consistent with this, iHTN reduced infarct volume in dMCAO + ICAO group (À64%) but not in dMCAO + CCAO (À6%). Examination of circle of Willis showed absent or hypoplastic ipsilateral PComm in > 75% of C57BL/6J mice. Occasional presence of a PComm appeared to augment the efficacy of iHTN in this model. Conclusions: Our data demonstrate that iHTN augments CBF mainly through ECA collaterals in the presence of ICAO in this mouse strain with poorly developed PComm. Therefore, iHTN may not be effective in patients with either ECAO plus ICAO, or CCAO, and an incomplete circle of Willis. Objectives: c-Jun N-terminal kinases (JNKs), a family of MAP kinases, are central mediators of apoptosis and neurodegeneration, but also of plasticity and regeneration. Current concepts suggest that it is the compartmentalisation rather than the mere substrate affinity which determines the physiological and pathological functions of individual JNKs. In contrast to the JNK mediated activation of pro-apoptotic Bcl-2 substrates, data on the presence and activation of JNK isoforms in mitochondria are rare. In the present study, we have analysed the localisation of JNK1, JNK2 and JNK3 isoforms in mitochondria isolated from ischemic cortices in rats exposed to transient middle cerebral artery occlusion (MCAO). Methods: In male normotensive Wistar rats, the middle cerebral artery was occluded for 90 mins followed by reperfusion. Two, 6 and 18 h after the onset of MCAO, the cortices from the ipsilateral hemisphere of rat brains were isolated for whole cell extraction, cytosol, nuclear and mitochondria isolation. The changes in protein levels of individual JNK isoforms were analysed by Western blots. Immunodepletion was used for the detection of individual phosphor-JNK isoforms.
Results: The mitochondrial preparations were free of cytoskeletal, nuclear and ER contaminations. The specificity of the used antibodies was demonstrated in preparations of brain mitochondria from JNK deficient mice. The majority of JNK is localized at the outer membrane or the adjacent space of the mitochondrion. In controls, all JNK isoforms were present in mitochondria with JNK1 as a dominant JNK isoform detected major carrier of a pronounced basal JNK activity. Following MCAO, the distribution pattern of JNKs in mitochondria completely changed. The presence and activity of JNK1 almost completely declined, whereas those of JNK3 and, to a minor extent, of JNK2 substantially raised. Complexes of MKK4:JNK1 were reduced, whereas complexes of MKK4:JNK3 and MKK7:JNK3 increased in rat brain mitochondria.
Conclusions: These data demonstrate that following cerebral ischemia, the basal physiological JNK1 activity in mitochondria is replaced by JNK2 and JNK3. JNK2 and JNK3 activity in mitochondria may be essential for the initiation of apoptosis and neurodegeneration and represent, therefore, a target for compartment-specific neuroprotective strategies. Objectives: Cerebral aneurysms are a major risk factor for hemorrhagic stroke and are present in 3% to 6% of the population. An established treatment of aneurysms is the surgical placement of an aneurysm clip; however, the technique is associated with a significant risk of intraoperative stroke due to the need for temporary vessel occlusion during the clipping procedure. Minimizing the incidence of stroke requires continuous monitoring of cerebral blood flow (CBF) to ensure adequate perfusion to the affected arterial territory.
Real
Using an indicator-dye dilution method, near-infrared spectroscopy (NIRS) could be used to measure CBF during surgery; 1 however, measurements can only be repeated, on average, every ten minutes. Tsuji et al. demonstrated that a change in the difference between cerebral oxy-and deoxy-hemo-globin concentrations (DHbDiff) could be used to track changes in CBF during hypotension. 2 The purpose of the present study was to investigate the accuracy of DHbDiff to changes in CBF caused by occlusion of the carotid arteries in piglets.
Methods: Experiments were conducted on piglets ( < 1 week) that were anesthetized with isoflurane. Vascular occluders were placed around both carotid arteries and a cannula was inserted into an ear vein for administration of the NIRS contrast agent, indocyanine green (ICG). Following surgery, DHbDiff data were collected continuously during 10 mins intervals of no occlusion, single carotid occlusion, and bicarotid occlusion. Blood flow was then restored by deflating the occluders and the procedure was repeated. At the 2 mins mark of each interval, a bolus injection of ICG was administered to measure absolute CBF for comparison with DHbDiff at each level of perfusion. Results: Eight piglets were studied (4 males, 4 females: 3.5±0.9 days, 1.9±0.1 kg). A statistically significant correlation was observed between DHbDiff and CBF for each piglet (average R 2 = 0.986 ± 0.016, P < 0.05), although the slope of the regression had a coefficient of variation of 0.43. Figure 1 shows the relationship between HbDiff and CBF across all animals (mean ± s.d.). The large error bars for the CBF measurements was primarily due to intersubject variability.
Conclusions: The strong correlation between
DHbDiff and CBF demonstrates the potential of using DHbDiff to continuously monitor blood flow during aneurysm surgery. Combining DHbDiff with NIRS measurements of CBF provides a means of determining if perfusion deficits during surgery drop below ischemic levels. The variability in the regression slope is likely due to differences in cerebral blood volume and total hemoglobin concentration between animals and is currently under investigation by our group.
Objectives: The possible neuroprotective effect of contralateral forepaw stimulation in temporary focal ischemia has been previously demonstrated, 1 although its mechanism is still unclear.
In the present study we tested the hypothesis that forepaw stimulation also exerts neuroprotection in permanent ischemia and we made an attempt to elucidate its mechanism by monitoring the cerebral ischemia with bispectral (laser speckle and intrinsic (OIS)) optical imaging.
Methods: Sprague-Dawley rats were prepared using isoflurane for occlusion of the right distal MCA and CCA. A 6 Â 6 mm area centered 3 mm posterior and 4 mm lateral to Bregma was thinned for laser speckle and OIS (540/580/610 nm) imaging. The MCA was occluded by photothrombosis 2 and the CCA permanently ligated. Ten minutes after occlusion the left forepaw was stimulated (3 Hz, 2 mA) for two hours in a continuous loop: 4 secs stimulus, 3 secs rest. Both the core and cranial temperature were maintained at 37.51C. Nine circular regions-of-interests (ROIs, 0.2 mm in diameter) were evenly spaced on the speckle contrast image avoiding vessels for the analysis of peri-infarct flow transients, blood flow and metabolic changes. Both the sham (n = 6) and forepaw stimulated animals (n = 6) underwent neu-rological examinations 24 h after ischemia 3 at which point all animals were sacrificed and the brains removed for determination of infarct size. Results: Physiological variables were normal and not different between groups. The averaged residual flow after occlusion was between 40% to 58% of baseline in both groups in ROIs representing the peri-ischemic area between ACA and MCA. Similarly, there was no difference in residual flow (26% to 33%) between groups over the ischemic cortex. Both the neurological (sham: 3.5±1.6, stimulated: 4.2±1.3), and the histological (sham: 124±43, stimulated: 156±45,) examination did not show significant differences between groups. However, the averaged number of hyperemic flow transients were significantly higher in the forepaw stimulated animals (sham: 3.5 ± 2.2, stimulated: 7.0 ± 2.3; P = 0.021). The propagation of the flow transients were multi-directional and confined mostly to the ACA-MCA watershed zone. In one case the propagation was bi-directional and in another case a hyperemic, low frequency oscillation could be seen over a well circumscribed part of the ischemic cortex. The flow transients were accompanied by changes in the concentration of oxy-and deoxyhemoglobin with some heterogeneity across animals and across regions. Hyperperfusive flow Results: Histologically, after MCAO all rats showed ischemic damage of the fronto-temporal and tempoparietal cortex as well as the striatum; paramedial and occipital cortex were not involved. As expected, injection of saline alone did not induce ischemia. Measuring changes in CBF over time in vivo, we observed the development of an ischemic core between 5 to 30 mins after ischemia induction. Surrounding VOIs showed hypo-, normo-or even hyperperfusion in this time interval. Between 30 to 60 mins following MCAO, no further relevant changes in CBF occurred. Interestingly, the dynamics of CBF development over time seemed to be a more accurate predictor of the further fate of the respective VOI than static CBF values at either time point. 2008) . The mechanism involved in the protective effect of EGb has been attributed mostly to its antioxidant properties. However, we believe that part of its neuroprotective effect is dependent on HO1 activity. HO1 degrades the prooxidant heme into iron, biliverdin/bilirubin, and carbon monoxide (a vasodilator). Here we evaluated the effect of EGb on cerebral blood flow (CBF). Methods: We treated mice orally with different Ginkgo components or vehicle control (n = 5/group), immediately anesthetized the mice with halothane, and began monitoring CBF by laser Doppler flowmetry over the middle cerebral artery (MCA) territory for 180 mins.
Results: Within 30 mins, we observed a trend toward increased CBF in EGb-treated mice (126% of baseline) as compared with that of the vehicle-treated group (81% of baseline). Therefore, EGb and its bioactive components bilobalide (BB), Ginkgolide A (GA), Ginkgolide B (GB) and Terpene Free Material (TFM) might enhance CBF in mice subjected to transient MCA occlusion (tMCAO). Mice pretreated orally for 7d with vehicle, 6 mg/kg BB, GA, or GB, 10 mg/kg TFM, or 100 mg/kg EGb were anesthetized to monitor CBF by laser Doppler flowmetry over the MCA territory for 3 h before, during, and after occlusion. Physiologic parameters were measured by drawing blood through a femoral artery catheter at baseline, 1 h after MCAO, and 1 h after reperfusion. Compared with vehicle-treated mice, those pretreated with EGb for 7d had higher CBF levels 15 mins after reperfusion, CBF remained elevated for 90 mins (94% restoration of CBF versus 53% vehicle). Mice pretreated with BB for 7d had higher CBF levels immediately after reperfusion, but they stayed elevated for only 30 mins (106% restoration versus 53% vehicle). Similarly the CBF of TFMpretreated mice were higher after 15 mins of reperfusion and stayed high for 45 mins (97% restoration versus 53% vehicle). However, GA and GB pretreated mice did not show any differences in CBF levels after reperfusion. In the vehicle-treated group, CBF remained steady throughout the process at 54% of baseline. Additionally, no differences in physiologic parameters were observed in mice treated with different constituents of EGb as compared to vehicle group.
Conclusions: These findings suggest that EGb and its bioactive components enhance CBF and may prove beneficial in conditions in which blood flow is impaired, such as in stroke. Objectives: Near-infrared spectroscopy (NIRS) has the potential to improve management of life-threatening neurological emergencies by providing bedside measurements of cerebral blood flow (CBF). We have developed a method for measuring CBF using the NIRS contrast agent, indocyanine green (ICG). 1 The challenge to adapting our technique to adult studies is to remove signal contamination caused by the extra-cerebral layer (ECL). To achieve this, we developed a multi-channel, broadband NIRS system. Multi-distance measurements provide some depth sensitivity to assist in separating cerebral and extracerebral signals and broadband spectroscopy is used to quantify ICG concentration. The objective of this study was to compare depth-resolved NIRS measurements of CBF to those obtained by CT perfusion. 2 Methods: Experiments were conducted on four pigs (3 to 4 weeks old) anesthetized with isoflurane; a cannula was inserted into an ear vein of each pig for administrating ICG and a CT contrast agent (Omnipaque). Animals were placed in the CT scanner with three NIRS optodes positioned on the head: one emission optode and two detection optodes placed 1 and 4-cm from the emitter. Brain and ECL ICG concentration curves were extracted from multidistance NIRS data using a two-layer modified Beer-Lambert Law. Partial pathlengths (PPL) for each layer were selected from a library generated by Monte Carlo simulations 3 based on the geometry of the ECL and with the constraint that water concentration in the brain is 80%. 4 CBF was determined from brain ICG concentration curves as described previously. 1 For comparison, CBF was also calculated using 4-cm emitter-detector distance raw ICG curves. All NIRS results were evaluated against concomitant CT perfusion measurements of CBF. Results: Figure 1 shows ICG curves obtained at source-detector distances of 1 and 4-cm and the corresponding ICG curves for brain and ECL from the PPL approach. CBF from CT perfusion ranged from 37 to 83 mL/min per100 g and the mean thickness of the ECL was 9.2 ± 1.7 mm. Analysis of the 4-cm ICG data resulted in underestimations in CBF (by 33%±23%), and was more erroneous for pigs with thicker ECLs. In contrast, there was a significant correlation between CBF measurements from CT perfusion and the PPL approach (mean difference of À2% ± 20% between the techniques). Conclusion: These preliminary results suggest that CBF in adults could be measured by depth-resolved broadband NIRS using our PPL approach. Further work is required to assess the precision of the CBF measurements and the sensitivity to the thickness of the ECL. RBCs from capillaries, and development of RBC sludge and aggregates in arterioles and venules. Tissue PO 2 decreased to 55.2% ± 22.8% of the control value after MCAO (P < 0.05) and to 70.0%± 5.2% (P < 0.05) after hypotension. However, when aRBCs were given intravenously, we observed penetration of red 0.25 mm aRBCs through capillaries and PO 2 recovered to 80.9%±45.5% of the baseline value (P < 0.05) in the ischemia group and to the almost baseline level in a hemorrhagic hypotension group. Surprisingly, we noted transient resumption of capillary flow. Improvement of microcirculation persisted at least for 10 mins. However, after the improvement, there were a few cases which showed slight reperfusion injury, due probably to free radical production, in the ischemia group. In the shamoperated group, tissue PO 2 was transiently elevated to 172.2%±62.9% (P < 0.05) after aRBCs injection. In a hemorrhagic hypotension group, after injection of the saline, tissue PO 2 was slightly elevated then decreased again. Discussion: Administration of aRBCs to emergent ischemic tissue improved the microcirculation transiently. Supply of oxygen via improved capillary flow might temporarily rescue anoxic neurons.
Measurement of cerebral blood flow in the adult
Conclusion: Use of aRBCs may be transiently helpful in acute ischemia and hemorrhagic hypotension.
954. Fundamental consideration of 31 P-NMR study on brain energy metabolism Objectives: We have studied brain energy metabolism by measuring high energy phosphates, phosphocreatine (PCr) and ATP, using 31 P-NMR spectroscopy. PCr serves as a reserve of high-energy phosphate for ATP (Lohmann, 1934) , and reflects the status of the energy metabolism. In order to conduct experiments under various conditions such as 'body temperature', 'hypothermia', 'hyperglycemia' or 'hypoglycemia', we reviewed our experimental protocols and investigated effects of temperature, [K + ] and [glucose] of the superfusate on energy metabolism of rat brain. Methods: The original protocol: Brain slices (400 mmthick) prepared from a male Wistar rat (6 week-old) were superfused with standard artificial cerebrospinal fluid (ACSF) at a flow rate of 1 mL/min in an NMR sample tube at 251C. Ex-vivo 31 P-NMR spectra were obtained using an NMR spectrometer (DRX-300wb, Bruker Biospin) operating at 121 MHz. Free induction decays (FIDs) were acquired by 451 radiofrequency pulses repeated at intervals of 4 secs. An accumulation of 64 FIDs were taken as a unit of observation. Relative quantities of PCr and ATP were obtained from areas under curves fit to resonance peaks.
Responses of PCr and ATP levels to the following insults were evaluated. Ischemia-reperfusion model: Brain slices were exposed to ischemia by halting the perfusion for 1 h at 251C, followed by the recovery period for 2 h. Depolarization model: Slices were superfused with ACSF with higher [K + ] to depolarize the cell membrane, increasing the energy expenditure of the slices.
Re-evaluation of the experimental conditions: The effects of temperature (251C B 371C), [glucose] (hypoglycemia: 5 mmol/L; normoglycemia: 10 mmol/L; hyperglycemia: 20 mmol/L) and [K + ] (5 mmol/L B 60 mmol/L) of superfusate on brain energy metabolism were evaluated. Results: When the temperature was raised from 251C to 371C without an increase in the flow rate, PCr and ATP signals disappeared. After ischemia longer than 10 mins, recovery of PCr was too poor in ischemiareperfusion model conducted at 371C. Intracellular pH during ischemia was 6.6, 6.3 and 5.8 when [glucose] = 5, 10 and 20 mmol/L, respectively. Recovery levels of PCr and ATP were poor when [glucose] = 5 mmol/L. Energy expenditure during the depolarization model was linearly correlated with extracellular [K + ] (P < 0.0001). Such increase in energy expenditure was suppressed by tetrodotoxin. Conclusions: When temperature is raised from 251C to 371C, it is speculated that the energy consumption is increased by about 2.5 times and that the flow rate used at room temperature (1 mL/min) was insufficient to meet higher oxygen demand at body temperature. We have adopted a flow rate of 10 mL/ min at 371C with a safety factor of 4. In addition, the duration of ischemia should be shorter than 10 mins in the ischemia-reperfusion model at 371C. During ischemia under hyperglycemic condition, intracellular pH is more acidic probably due to increased production of lactate by glycolysis. By increasing extracellular [K + ], it is possible to control energy consumption in the depolarization model, which is dependent on voltage-gated Na + channel.
